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ABSTRACT
In this study, we utilize the properties of polarized light for the analysis of paraffin-embedded breast cancer
samples. We perform the measurements of the full Stokes vector of back-reflected radiation and calculate the
degree of polarization as a diagnostic criterion for the separation of healthy and cancer sample sections. We
show that circularly polarized light scattered within the breast sample is sensitive to the presence of cancer cells.
The degree of the polarization of the reflected light was found to be the most sensitive parameter for the reliable
differentiation of tissue.
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1. INTRODUCTION
Breast carcinoma is the most widespread cancer among women with more than 400 000 cases diagnosed each year
across EU countries.1 For successful treatment, the early detection of cancer is extremely important. Millions of
women are surviving and thriving with breast cancer when found and treated early. Currently, the only way and
gold standard to set definite diagnostics of cancer is histology. However, despite the best laboratory practices,
the rate of conclusive diagnosis by histological analysis for a range of cancers is only 65-75%.2 Typically, the
biopsy is taken at the time of surgery operation with a high demand for immediate qualitative pathological
review. The development of an efficient diagnostic modality may revolutionize the current practice of cancer
diagnosis and treatment. The ability to recognize the suspect tissue in a short time without the interruption of
the operation is able to increase the effectiveness of the surgery of the cancerous tumors.
Many imaging studies use the polarized light as a supplementary tool e.g. to reduce the specular reflection
from the surface of the measured object.3 However, recent research4–12 demonstrates the potential of bulk
polarimetry as a standalone modality for the biotissue diagnosis. In this study, we suggest using the properties
of polarized light for the analysis of formalin-fixed paraffin-embedded (FFPE) breast cancer samples. We propose
measurements of the Stokes vector and the calculation of the degree of polarization (DOP) as a diagnostic criterion
for the separation of healthy and cancer sample sections. The standard routine procedure for the histological
analysis uses a number of sample preparation steps, which include fixation of the sample in formalin, ethanol,
etc.; dehydration and embedding into the paraffin wax or celloidin; sectioning with a microtome; mounting on
glass slides, staining by hematoxylin, eosin, etc.; and finally microscopy investigation.13 Thus, the conventional
histological analysis is rather laborious, time-consuming and strongly relies on the skills and qualification of the
pathologist performing the examination. However, the proposed approach allows us to avoid several steps in the
conventional histology procedure and perform the tissue sample analysis right after the embedding step.
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Figure 1. Overview of FFPE breast cancer samples (left side) with ROI showing the enlarged area scanned with
microscope (right side).
As you can see from Fig. 1, standard microscopic examination of the paraffin-embedded tissue sample does
not provide any useful diagnostic information due to the low contrast between tissue constituents in the un-
stained sample. In the same time, the involvement of the polarization properties sensitive to the changes in
the microstructure of the sample can solve this problem as well as provide quantitative information about the
analyzed sample. In addition, our approach will reduce both the number of sample processing steps and the time
needed for the analysis.
2. MATERIAL AND METHODS
Due to the high sensitivity of polarized light to the variations of scattering in the analyzed sample, the spatially
resolved polarized light spectroscopy has a great potential to be used for screening of malformations in the bio-
logical tissues.14 We have developed an experimental polarization-based imaging system for scanning biological
samples. In our setup, circularly polarized light was used due to its unique ability to preserve the polarization
properties during larger number of scattering events than the linearly polarized light.15,16 The measurement
system contains both illumination and detection channels (see Fig. 2).
Figure 2. Scheme of the experimental setup containing the illumination arm (right side) and measurement arm (left
side).
The radiation of supercontinuum fiber laser (Leukos Ltd., France) was used in the illumination channel. The
specific probing wavelength was selected with the high-speed acousto-optic tunable filter (Leukos Ltd., France)
from the range of 400–650 nm. The linearly polarized light from the output of the filter was then altered by a
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quarter-wave plate into the state of right-hand circular polarization and focused onto the sample at 55◦ angle.
The state of polarization of the light diffusely reflected from the sample was collected at 30◦ angle at a variable
distance away from the point of incidence with the 20× objective lens and analyzed by the Stokes polarimeter
system (Thorlabs Ltd., USA). Spatial scanning of the samples was performed with the XY translation stage
providing the resolution of 5 µm.
The multiple measurements have been performed on a FFPE blocks of early stage breast cancer samples
(ductal carcinoma in situ, DCIS) and compared to the measurements from developed cancer samples (invasive
ductal carcinoma, IDC). Breast cancer samples and their histology were provided by the Northern Finland
Biobank Borealis (Oulu, Finland).
3. RESULTS AND DISCUSSION
We show that circularly polarized light scattered within the breast sample is sensitive to the presence of cancer
cells and provides the information close to that obtained from the standard histological examination (see Fig. 3).
However, no staining and no slicing is required in our case.
Figure 3. Histological image of DCIS (a) and 2D spatial distributions of the degree of polarization of the reflected light
measured at 450 nm (b). Histological image of IDC and benign fibrosis (c) and 2D spatial distributions of the degree of
polarization (d).
The highest contrast between cancerous and normal regions was observed for the probing wavelength of 450
nm. The DOP of the reflected light was found to be the most sensitive parameter indicating the malignant
changes in the considered samples. DOP shows how much of light is polarized within the whole light that is
detected. The average DOP values for intact adipose tissue were 95%, for DCIS – 70-80%, the presence of IDC
reduced the DOP value to the level of 60-70%. The proposed methodology demonstrates a great potential for
developing a new diagnostic protocol for routine clinical practice.
And finally, a statistically significant differences confirmed by Kruskal-Wallis test with the post-hoc analysis
(p < 0.01) exists between four types of tissue in the DOP parameter. The observed differences may be related to
an increase in the average size of the nuclei in a more developed type of cancer. This leads to higher anisotropy
and an increase in successive forward scattering events, which reduces the DOP.
4. CONCLUSION
A circular polarization imaging system for obtaining histological images was developed. We have shown than
circularly polarised light scattered within breast samples is sensitive to the presence of cancer cells and the
highest perceptual contrast between cancerous and normal regions was observed for the probing wavelength of
450 nm. The DOP of the reflected light was found to be the most sensitive parameter indicating the malignant
changes in the considered samples. The proposed methodology demonstrates a great potential for developing a
new diagnostic protocol for routine clinical practice.
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